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1
METHODS AND SYSTEMS FOR USE IN
GRIND SHAPE CONTROL ADAPTATION

This application claims the benefit of U.S. Provisional
Application No. 61/708,146, filed Oct. 1, 2012, for METH-
ODS AND SYSTEMS FOR USE IN GRIND SHAPE
CONTROL ADAPTATION, which is incorporated in its
entirety herein by reference.

SUMMARY OF THE INVENTION

Some embodiments provide a method of grinding wafers,
comprising: determining thickness variations in a wafer;
determine incremental adjustments to spindle alignment
based on best fit predictions of wafer shape; and implement-
ing the incremental adjustments to spindle alignment of a
grind module.

Some embodiments provide a method of measuring
wafers, comprising: determining thickness variations in a
wafer in a grind module from a single stationary thickness
probe by combining the motions of: a. wafer rotation on the
grind chuck; and b. indexer motion to sweep across the
wafer diameter; and determining a wafer shape and thick-
ness map over the entire wafer based on determined thick-
ness variations.

Some embodiments provide a grind module, comprising:
grind spindle; and one or more grind wheel spindle adjust-
ment screw assemblies associated with the grind spindle,
where the one or more grind wheel spindle adjustment screw
assemblies are configured to adjust alignment of the grind
spindle.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a graphical representation of pitch, roll,
and yaw in association with a portion of a grind wheel
positioned relative to a wafer.

FIG. 2 illustrates graphical representations of qualitative
examples of the effect of changing a spindle alignment, in
accordance with some embodiments.

FIG. 3 depicts a partial cross-sectional view of a grind
module or engine in accordance with some embodiments.

FIG. 4 depicts a perspective view of the grind module of
FIG. 3.

FIG. 5 depicts a partial, perspective view of a grind wheel
spindle adjustment screw assemblies, in accordance with
some embodiments.

FIG. 6 depicts a partial, cross-sectional view of a grind
wheel spindle adjustment screw assemblies of FIG. 5 coop-
erated with a grind module.

FIG. 7 depicts an enlarged view of a partial, cross-
sectional view of the grind wheel spindle adjustment screw
assembly of FIG. 6.

FIG. 8 is a graphical example of a control loop simulta-
neously employing predictive and corrective alignment con-
trol.

FIG. 9 illustrates a first example of using algorithms based
in three dimensional solid model geometry to correlate
chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.

FIG. 10 illustrates a second example of using algorithms
based in three dimensional solid model geometry to corre-
late: chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.
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FIG. 11 illustrates a third example of using algorithms
based in three dimensional solid model geometry to corre-
late: chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.

FIG. 12 illustrates a fourth example of using algorithms
based in three dimensional solid model geometry to corre-
late: chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.

FIG. 13 illustrates a fifth example of using algorithms
based in three dimensional solid model geometry to corre-
late: chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.

FIG. 14 illustrates a sixth example of using algorithms
based in three dimensional solid model geometry to corre-
late: chuck shape to wafer size, grind wheel size and spindle
alignments; and wafer shape to chuck shape, wafer size,
grind wheel size and spindle alignments.

FIG. 15 depicts a simplified block diagram of a grind
system 1510, according to some embodiments, that can be
used to grind and/or polish wafers or other relevant work
objects.

FIG. 16 shows a simplified flow diagram of a process,
according to some embodiments, of implementing adjust-
ments to alignment between a grind spindle and a work
spindle providing a desired alignment between a grind wheel
surface and a surface of a wafer (or other work product being
ground or polished) to achieve a desired resulting shape of
the wafer.

DETAILED DESCRIPTION

Reference throughout this specification to “one embodi-
ment,” “an embodiment,” “some embodiments,” ‘“some
implementations” or similar language means that a particu-
lar feature, structure, or characteristic described in connec-
tion with the embodiment is included in at least one embodi-
ment of the present invention.

Thus, appearances of the phrases “in one embodiment,”
“in an embodiment,” “in some embodiments,” and similar
language throughout this specification may, but do not
necessarily, all refer to the same embodiment.

Furthermore, the described features, structures, or char-
acteristics of the invention may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided, such as
examples of configurations, cooperation between compo-
nents, processing, coordination, programming, software
modules, user interfaces, user operations and/or selections,
communications and/or network transactions, memory and/
or database queries, database structures, hardware modules,
hardware circuits, hardware chips, etc., to provide a thor-
ough understanding of embodiments of the invention. One
skilled in the relevant art will recognize, however, that the
invention can be practiced without one or more of the
specific details, or with other structures, features, methods,
components, materials, and so forth. In other instances,
well-known structures, materials, or operations are not
shown or described in detail to avoid obscuring aspects of
the invention.

Some embodiments provide methods and systems for
improving the grinding of substrates, including but not
limited to semiconductor wafer grinding. For example, some
embodiments provide for silicon wafer grinding for semi-
conductors and/or other relatively hard materials wafer
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grinding. As a further example, miniature semiconductor
and related devices are commonly manufactured on round,
flat wafers made from hard materials, and often single-
crystal materials that require surfacing to achieve extremely
smooth and uniform surface-finish conditions. Grinding is
typically done with grind engines, grind module or grinders
that direct or plunge a rotating diamond abrasive cup-shaped
wheel (grind wheel) into the surface of a rotating substrate
(e.g., wafer). Relative alignment of the grind wheel to the
wafer, at least in part, can determine a post-grind wafer
shape.

Often the goal of grinding a wafer is to produce a
specified shape to the wafer. Most traditional grinding
produces a flat wafer. Present embodiments allow grinding
of a wafer or a wafer-stack deliberately to a non-flat shape.
In some implementations, a non-flat shape is desirable when
the wafer being ground (ground wafer) is mounted upon a
second “carrier” wafer or “carrier” wafer stack (carrier
wafer), which itself is not flat and the goal is to produce a
ground wafer that is of constant thickness. A non-flat shape
is also desirable when the wafer is exposed to subsequent
processes that do not produce uniform shapes, e.g. etching.

Spindle alignment is often one of the most critical vari-
ables that affect postgrind wafer surface shape. A grind
wheel plane is determined by an alignment of a rotating
spindle that rotates a grind wheel with attached abrasive
elements (grind wheel spindle). A wafer plane is determined
by an alignment of a rotating spindle that rotates a chuck that
supports a wafer (chuck spindle). The relative alignment of
the grind wheel spindle to the chuck spindle (spindle align-
ment) determines, at least in part, the resulting wafer surface
shape produced from grinding the wafer.

Further, the wafer surface shape is determined, at least in
part, by the shape of the chuck surface to which the wafer
is firmly attached during grinding (often by vacuum applied
through a porous chuck, e.g., ceramic chuck). During setup
of a grind module, a chuck surface can be ground by the
grind engine (e.g., using the grind wheel). By using the same
spindle alignment used to grind the chuck surface and
imparting the same grind force, ground wafer shapes result
in very uniform wafer thickness.

Combinations of work chuck shapes and spindle align-
ment can produce desirable shapes and surface finishes not
achievable with very flat chucks and corresponding aligned
spindles.

According to Euler’s rotation theorem, any rotation may
be described using three angles. For purposes here, spindle
alignment can be expressed as:

Pitch (o), or side to side, defined as a rotation about the
cord created from the intersection of the grind wheel
stone centerline and an outer perimeter of the wafer.

Roll (B), or front to back, defined as a rotation about a line
perpendicular to pitch and perpendicular to the chuck
spindle axis of rotation.

Yaw (y), or rotation, defined as a rotation about the chuck
spindle axis of rotation.

FIG. 1 illustrates a graphical representation of pitch, roll,
and yaw in association with a portion of a grind wheel
positioned relative to a wafer.

FIG. 2 illustrates graphical representations of qualitative
examples of the effect of changing the spindle alignment, in
accordance with some embodiments. A procedure, in accor-
dance with some embodiments, to implement adjustments to
spindle alignment is to fix the chuck spindle and make
adjustments affecting one or more rotational angles of the
grind wheel spindle. Another procedure, in accordance with
some embodiments, is to fix the grind wheel spindle and
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make adjustments affecting one or more rotational angles of
the chuck spindle. Another procedure, in accordance with
some embodiments, is to make adjustments affecting one or
more rotational angles of the grind wheel spindle and chuck
spindle. However, adjustments are typically relatively small
and precise so adjustment of just one of the spindles is often
sufficient for most applications.

FIG. 3 depicts a partial cross-sectional view of a grind
module or engine in accordance with some embodiments.
For example, the grind module can be implemented through
one of the grind systems and/or engines and/or incorporate
some or all of the components of the grind systems and/or
engines described in U.S. Provisional Application No.
61/549,787, filed Oct. 21, 2011, entitled SYSTEMS AND
METHODS OF WAFER GRINDING, and U.S. Provisional
Application No. 61/585,643, filed Jan. 11, 2012, entitled
SYSTEMS AND METHODS OF PROCESSING SUB-
STRATES, which are incorporated herein by reference in
their entirety.

FIG. 4 depicts a perspective view of the grind module of
FIG. 3. The grind module includes a series of grind wheel
spindle adjustment screw assemblies 311 and 703 that
cooperate with and/or are associated with the grind wheel
spindle 308 to at least in part implement spindle alignment.
FIG. 5 depicts a partial, perspective view of the grind wheel
spindle adjustment screw assemblies 311, in accordance
with some embodiments and that can be incorporated into a
grind module or engine, such as the grind module of FIG. 3.
FIG. 6 depicts a partial, cross-sectional view of the grind
wheel spindle adjustment screw assemblies 311 of FIG. 5§
cooperated with the grind module. FIG. 7 depicts an
enlarged view of the partial, cross-sectional view of the
grind wheel spindle adjustment screw assembly 311 of FIG.
6.

In some embodiments, the grind module includes a series
of three grind wheel spindle adjustment screw assemblies
311 and/or 703 located at approximately 120 degrees from
one another. The grind wheel spindle adjustment assemblies
311, 703 allow the three-dimensional adjustments to be
made to one or more angles of the grind wheel spindle. In
some embodiments, the adjustments to the grind wheel
spindle can be implemented by manually turning one or
more adjustment screws of a manual grind wheel spindle
adjustment assembly 703; activating adjustments to one or
more automated spindle adjustment assemblies 311; and/or
implementing corresponding adjustments that transfer the
adjustments to the adjustment screws that affect spindle
pitch and roll. Pitch angle is perpendicular to roll angle so
combinations can be used to achieve desired shape.

Typically, the process or procedure of setting up, aligning
and/or adjusting the spindle alignment is a multi-step pro-
cess. In some instances, this process uses instrumentation
(e.g. a very flat plate attached to the chuck spindle and
indicators attached to the grind wheel) that is installed on the
grind module and later removed.

Further, some embodiments additionally implement trial
and error approaches to spindle alignment, and actual wafer
grinding to provide for data used to evaluate alignment. This
“trial and error” process can take a relatively long time
(hours or days) and typically must be implemented by an
experienced technician and/or process engineer to evaluate
post-grind test wafer shapes and make decisions about
which adjustment screws to adjust, which direction to adjust
them, and how much to adjust them to achieve the desired
wafer surface shape.

Additionally, for some applications, the wafer is to be
ground so thin that it is very difficult and often impractical
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to handle the wafer without damage unless it is “stacked” or
attached onto one or more “carrier” substrates or wafers. The
ground wafer is the wafer of interest, while the one or more
carrier wafers or other such substrates are used to provide a
sturdy support for the ground wafer, which is ground to a
desired thickness, profile and/or shape, and in some
instances, 15 microns or less. When stacked wafers are being
ground, as is common for example in Backside [llumination
(BSI), Silicon on Insulator (SOI), Through-Silicon Vias
(TSV) and other such applications, the carrier wafer or
substrate used to fix the ground wafers during grinding may
have different shapes that contribute to the post-grind sur-
face shape of the ground wafer being ground. This is because
the carrier wafer forms an intermediate shape between the
pre-shaped chuck and the ground wafer. Variations in the
carrier wafers can therefore mirror through to the ground
wafer during grinding. Manually adjusting spindle align-
ment for optimal grinding of each distinct wafer based upon
corresponding carrier shape can, in some instances, be time
consuming and can be impractical for some applications,
such as some high production fabrication facilities.

Some embodiments described herein, however, provide
apparatuses and methods to automate grinder, grind module
setup to achieve a desired and/or optimal spindle alignment
for single wafer and/or stacked wafer operations. In many
embodiments, when implementing single wafer grinding
(e.g., not a stacked wafer), the setup for a given wafer chuck
is assumed to remain fixed over time.

Below is described a method for grind module setup for
grinding single wafers mounted on clean grind chuck:

1. Grind a first wafer (wafer A).

2. Post-grind measurement and implement corrective
adjustment (a corrective adjustment is one that causes
incremental adjustments to spindle alignment, post-
grind, to optimize ground wafer shaping to minimize
variations from a target wafer thickness profile):

a. Perform post-grind wafer thickness measurements of
the first ground wafer (wafer A) thickness at a
statistically significant number of points to support
an accurate radial thickness profile, e.g., measured in
the grind module, such as using an embedded thick-
ness measurement device; or remove ground wafer
from grind module and measure the wafer using a
separate measurement system (e.g., an ADE model
9500 from KLA Tencor, a Tamar WaferScan system
from Tamar Technology, or other such relevant mea-
surement systems).

b. Compare the measured shape of the first wafer
ground (wafer A) with the target wafer thickness
profile (e.g., compare thicknesses between actual to
target along wafer diameters). Generate a map of
target thickness variation between actual and target
thickness over the wafer diameter (target thickness
variation map).

c. Using algorithms based in three-dimensional, solid
model geometry to calculate wafer shape based on
wafer size, grind wheel size and spindle alignments,
determine the incremental pitch and roll that gener-
ate a best fit of a computed incremental thickness
variation map to the measured target thickness varia-
tion map. For example, the determination of the
alignment adjustments to implement can, in some
embodiments, include some or all of the information
determined and described in U.S. Provisional Appli-
cation No. 61/549,787, filed Oct. 21, 2011, entitled
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6
SYSTEMS AND METHODS OF WAFER GRIND-
ING, which is incorporated herein by reference in its
entirety.

d. Spindle pitch and roll is manually or automatically,
incrementally adjusted based on the result from a
best fit of a computed incremental thickness varia-
tion map to the measured target thickness variation
map. For example, adjustments can be implemented
to one or more grind wheel spindle adjustment screw
assemblies 311, 703 described in concurrently filed
U.S. Provisional Application No. 61/708,165, filed
Oct. 1, 2012, entitled Methods and System for Use in
Grind Spindle Alignment, which is incorporated
herein by reference in its entirety.

3. In some embodiments, the above steps may be repeated
for one or more subsequent wafers (e.g., a predefined
number, randomly selected, etc.) or for each wafer.

Below is described a method for grinding module setup
for grinding a series of stacked wafers mounted on a clean
grind chuck:

For a series of stacked wafers, each with variations in
carrier wafer shape, some embodiments implement mea-
surements of each carrier wafer shape. Based on the mea-
surements, automated, incremental adjustments are made to
spindle alignment to accommodate each carrier wafer, so as
to achieve desired final ground wafer shape. Below is
described a process in accordance with some embodiments
of implementing an automated spindle adjustment to achieve
a desired ground wafer thickness profile.

1. Pre-grind measurement and implement predictive
adjustment (a predictive adjustment is one that causes
incremental adjustments to spindle alignment, pre-
grind, to optimize ground wafer shaping for varying
carrier wafer shapes to minimize variations from target
wafer thickness profile):

a. Pre-measure (e.g., diameter scans) a carrier wafer,
when grinding stacked wafers, to determine the
carrier wafer shape, e.g., measure in a Tamar Wafer
Scan system, or measure in the grind module using,
for example, an embedded thickness measurement
device.

b. Compare the measured shape of the pre-measured
carrier with the target wafer thickness profile. For
example, compare thicknesses between actual to
target along diameters. Generate a map of target
thickness variation between actual and target thick-
ness over the wafer diameter.

c. Using algorithms based in three-dimensional, solid
model geometry to calculate wafer shape based on
wafer size, grind wheel size and spindle alignments,
determine the incremental pitch and roll that gener-
ate a best fit of a computed incremental thickness
variation map to the measured target thickness varia-
tion map.

d. Spindle pitch and roll is automatically, incrementally
adjusted based on the result from a best fit of a
computed incremental thickness variation map to the
measured target thickness variation map. Again, the
adjustments can be implemented to one or more
grind wheel spindle adjustment screw assemblies
311, 703 described in concurrently filed U.S. Provi-
sional Application No. 61/708,165, filed Oct. 1,
2012, entitled Methods and System for Use in Grind
Spindle Alignment.

2. Grind the wafer.

3. Measure and implement a corrective adjustment (a
corrective adjustment is one that causes incremental
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adjustments to spindle alignment, post-grind, to opti-

mize ground wafer shaping to minimize variations from

target device wafer thickness profile):

a. Perform post-grind wafer thickness measurements of
the ground wafer thickness at a statistically signifi-
cant number of points to support an accurate radial
thickness profile, e.g., measure in a Tamar Wafer
Scan system.

b. Compare the measured wafer thickness profile of the
ground wafer with the target wafer thickness profile.
For example, compare thicknesses between actual to
target along diameters. Generate a map of target
thickness variation between actual and target thick-
ness over the wafer diameter.

c. Using algorithms based in three-dimensional, solid
model geometry to calculate wafer shape based on
wafer size, grind wheel size and spindle alignments,
determine the incremental pitch and roll that gener-
ate a best fit of a computed incremental thickness
variation map to the measured target thickness varia-
tion map.

d. Spindle pitch and roll is manually or automatically,
incrementally adjusted based on the result from a
best fit of a computed incremental thickness varia-
tion map to the measured target thickness variation
map (e.g., adjustments similar to those described in
concurrently filed U.S. Provisional Application No.
61/708,165, filed Oct. 1, 2012, entitled, Methods and
System for Use in Grind Spindle Alignment.

4. In some embodiments, the above steps may be repeated
for one or more subsequent ground wafer/carrier wafer
pairs (e.g., a predefined number, randomly selected,
etc.) or for each wafer pair.

Accordingly, some embodiments use spindle alignments
to shape wafers during grinding. The effects of spindle
alignment on wafer shape are used to minimize thickness
variations relative to target wafer thickness profile. Further,
some embodiments make incremental, predictive adjust-
ments to spindle alignment, which can minimize variations
to ground wafer target thickness profiles based on pre-grind
carrier wafer measurements. Additionally, the incremental
corrective adjustments can be made to spindle alignments to
minimize variations to target thickness profiles based on
post-grind wafer measurements. The adjustments are adap-
tive to varying shape targets and adaptive to varying envi-
ronmental conditions, minimizing variation from target
thickness profiles.

The present embodiments provide successful wafer grind-
ing based on a target thickness profile, such as based on a
pre-defined target shape of thin ground wafers to be ground.
Some embodiments utilize metrology separate from a grind
module to perform measurements of the ground wafer
and/or the carrier wafer. In some instances, these measure-
ments can be performed before a ground wafer and carrier
wafer are attached together. The measurements can include
measuring a three dimensional thickness profile of the
carrier wafer.

Based at least in part on the thickness profile of the carrier
wafer, a three-dimensional shape of material that is to be
removed from the ground wafer is determined in order to
obtain a ground wafer that has the target thickness profile.
The grind module spindle alignment can be incrementally
adjusted to achieve the desired three-dimensional removal
from the ground wafer.

The definitive control in the grind module to implement
the three-dimensional material removal from the ground
wafer, in some embodiments, is achieved in part through one
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or more, or a combination of one or more grind wheel
spindle alignments, chuck spindle alignments, adjustment of
rotational speeds of chuck and grind wheel spindles, grind-
force adjustments, spark-out control, chuck and grind wheel
abrasive conditioning, grind coolant chemistry, grind cool-
ant temperature and/or other such relevant parameters. That
is, it is a complex process. In some embodiments, each grind
module can be tested to be empirically characterized to
define a basis for making appropriate adjustments affecting
wafer shaping. In many instances, the defined grind module
adjustments are unique to each grind module and process,
which often may in part be defined by empirical testing of
each grind module and may further be tested for the wafer
material and diameter to be ground before the grind module
is used.

Accordingly, the grind system can be implemented
through a partially or fully automated process that makes
incremental adjustments to achieve desired wafer profile.
This automation can increase throughput of the wafers while
further increasing the consistency of resulting wafers and
decreasing the number of wafers that do not meet desired
specifications.

In implementing the adjustments, the grind system is
programmed to process wafer measurements and make the
relevant adjustments to spindle alignment. In some embodi-
ments, the grind system can include: One or more devices to
measure ground wafer and/or carrier wafer shape and thick-
ness; and one or more devices to automate spindle align-
ment.

Devices to Measure Ground Wafer and/or Carrier Wafer
Shape and Thickness may include:

1. One or more sensors, which in some instances may be

used in performing thickness measurements, such as:

a. one or more mechanical contact probes, which may
be used in some instances for total thickness of
stacked or non-stacked wafers; and/or

b. one or more IR-type probes, which may be used in
some instances for stacked wafers or non-stacked
wafers:

i. For example, the IR-type probe can measure
thickness of each wafer, as well as adhesives used
to bond the wafers together.

. One or more IR-type probes can also be used, such
as but not limited to, when incoming carrier wafer
shape is fed-forward for predictive adjustments
and/or ground wafer shape is fed backward for
corrective adjustments.

2. In some instances, onboard probes or sensors may not
be needed or fewer probes or sensors may be employed
when incoming wafer thickness (and shape of carrier
wafer, if applicable) is fed-forward for predictive
adjustments or fed-backward for corrective adjust-
ments (also known as probeless grinding).

3. Combining a single sensor, e.g., one fixed-position
contact probe or IR-type probe, with the combined
motions of:

a. wafer rotation on the grind chuck; and

b. indexer motion to sweep across the wafer diameter

to achieve a wafer shape and thickness map over
some or the entire wafer; or

c. a probe mounting arm with the capability to move a

probe to measurement sites of the wafer.

Devices to Automate Spindle Alignment may include:

1. In some embodiments, the grind module employs one
or more precision servo driven nut/screw assemblies
and/or piezoelectric devices to adjust spindle pitch
and/or roll. Other types of systems can additionally or
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alternatively be used to adjust the spindle alignment as
well. For instance, hydro static or pneumatic static
bearings may be strategically placed to affect spindle
alignment.

2. The grind module can, in some implementations,
further include one or more measurement probes and/or
sensors to evaluate grind wheel spindle displacement
for closed loop spindle movement and positioning.

3. One or more controllers (e.g., implemented through one
or more processors, computers and the like) can be
programmed with relevant algorithms that compare
wafer by wafer actual shape and/or thickness to the
desired target shape and/or thickness. The controller
can also be aware of spindle alignment effects on wafer
shape and thickness profile, and can also control the
spindle alignment hardware.

Accordingly, the controller or computer is able to com-
mand changes in spindle alignment to achieve minimal
variation with target shape and/or thickness. In some imple-
mentations, the controller employs a best fit approach in the
alignment and shaping control, such as a least squares
approach to measured data. Some embodiments further
employ control loops, such as proportional, integral, deriva-
tive controllers (PID) and linear quadratic estimation (LQE)
to achieve a stable convergence to spindle alignment. FIG.
8 is a graphical example of a control loop simultaneously
employing predictive and corrective alignment control.

The present embodiments provide spindle alignment
methods without the need for an experienced technician or
process engineer to align the spindles. These prior manual
processes are labor intensive, typically take too long, often
employ trial and error procedures, and are not easily adap-
tive to environmental and carrier wafer variations.

Further, the present embodiments automate initial spindle
alignments, and in many embodiments enable automatic,
continuous, spindle alignment for both stacked and single
wafers. Additionally, wafer to wafer adaptability for wafer
shaping is enabled. In many instances, the automated adjust-
ments reduce setup times, substantially reduce thickness
variation of ground wafer shape and/or thickness to target
wafer shape and/or thickness, reduced the number of
rejected wafers and improves throughput. Adjustments can
be implemented based on predictive and/or corrective, auto-
mated spindle alignments, which can reduce or eliminate the
need for manual alignment procedures, while further
enabling wafer specific shaping and/or the adaptive wafer
shaping.

In some methods, in accordance with some embodiments,
use this equipment and algorithms to first shape the grind
chuck by adjusting the relative angle between the grind
wheel spindle to grind-chuck spindle (for example, for a
given wafer diameter and cutting stone diameter of the
chuck-grinding wheel) to a desired shape. Then, second,
grind the wafer to desired surface shape by adjusting the
relative spindle alignment base upon known chuck shape,
etc. as described above and below in accordance with some
examples.

FIG. 9 illustrates a first example of using algorithms based
in three dimensional solid model geometry to correlate:

chuck shape to wafer size, grind wheel size and spindle
alignments; and

wafer shape to chuck shape, wafer size, grind wheel size
and spindle alignments.

FIG. 10 illustrates a second example of using algorithms

based in three dimensional solid model geometry to corre-
late:
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10

chuck shape to wafer size, grind wheel size and spindle

alignments; and

wafer shape to chuck shape, wafer size, grind wheel size

and spindle alignments.
The second example in FIG. 10 differs from the first
example in FIG. 9 in that relative to chuck shaping, the roll
was changed —0.00075°, from +0.00050° to -0.00025° and
pitch was changed +0.00038° from 0.00000° for the wafer
grind.

FIG. 11 illustrates a third example of using algorithms
based in three dimensional solid model geometry to corre-
late:

chuck shape to wafer size, grind wheel size and spindle

alignments; and

wafer shape to chuck shape, wafer size, grind wheel size

and spindle alignments.
The third example in FIG. 11 starts with a chuck shape
generated from a roll of —0.00063° and no pitch. Relative to
chuck shaping, the roll was changed +0.00038° from
-0.00063° to —0.00025°, with no changes in pitch for the
wafer grind.

FIG. 12 illustrates a fourth example of using algorithms
based in three dimensional solid model geometry to corre-
late:

chuck shape to wafer size, grind wheel size and spindle

alignments; and

wafer shape to chuck shape, wafer size, grind wheel size

and spindle alignments.
The fourth example in FIG. 12 differs from the third
example in FIG. 11 in that relative to chuck shaping, the roll
was changed -0.00037° from -0.00063° to —0.00100° with
no changes in pitch for the wafer grind.

FIG. 13 illustrates a fifth example of using algorithms
based in three dimensional solid model geometry to corre-
late:

chuck shape to wafer size, grind wheel size and spindle

alignments; and

wafer shape to chuck shape, wafer size, grind wheel size

and spindle alignments.
The fitth example in FIG. 13 differs from the third example
in FIG. 11 in that relative to chuck shaping, there is no
change in roll and a pitch was changed -0.00025° from
0.00000° to -0.00025° for the wafer grind.

FIG. 14 illustrates a sixth example of using algorithms
based in three dimensional solid model geometry to corre-
late:

chuck shape to wafer size, grind wheel size and spindle

alignments; and

wafer shape to chuck shape, wafer size, grind wheel size

and spindle alignments.
The sixth example in FIG. 14 differs from the third example
in FIG. 11 in that relative to chuck shaping, there is no
change in roll and pitch was changed +0.00025° from
0.00000° to +0.00025° for the wafer grind.

Accordingly, adjustments can be implemented to com-
pensate for variations in carrier wafer thickness profile.

One or more controllers, controlling computers and/or
processors are included in and/or cooperated with the grind
module of the present embodiments to provide control of the
components and/or processes. Typically the controller
receives sensor data and controls the grinding, cleaning,
dressing, polishing, wafer moving and/or other processing.
The controller or controllers can be implemented through
one or more processors, controllers, central processing units,
computers, logic, software and the like. Further, in some
implementations the controller(s) may provide multiproces-
sor functionality. Computer and/or processor accessible



US 9,457,446 B2

11

memory can be included in the controller and/or accessed by
the controller. In some embodiments, memory stores execut-
able program code or instructions that when executed by a
processor of the grind module controller cause the grind
module, system and/or tool to control the one or more
components. Additionally, the code can cause the imple-
mentation of one or more of the processes and/or perform
one or more functions such as described herein.

The methods, techniques, systems, devices, services,
servers, sources and the like described herein may be
utilized, implemented and/or run on many different types of
devices and/or systems. These devices and/or systems may
be used for any such implementations, in accordance with
some embodiments. One or more components of the system
may be used for implementing any system, apparatus or
device mentioned above or below, or parts of such systems,
apparatuses or devices, such as for example any of the above
or below mentioned controllers, as well as user interaction
system, sensors, feedback, displays, controls, detectors,
motors and the like. However, the use of one or more of
these systems or any portion thereof is certainly not
required.

The memory, which can be accessed by the processors
and/or controllers, typically includes one or more processor
readable and/or computer readable media accessed by at
least the processors and/or controllers, and can include
volatile and/or nonvolatile media, such as RAM, ROM,
EEPROM, flash memory and/or other memory technology.
Further, the memory can be internal to the system; however,
the memory can be internal, external or a combination of
internal and external memory.

The external memory can be substantially any relevant
memory such as, but not limited to, one or more of flash
memory secure digital (SD) card, universal serial bus (USB)
stick or drive, other memory cards, hard drive and other such
memory or combinations of such memory. The memory can
store code, software, executables, grind recipes, scripts,
data, coordinate information, programs, log or history data,
user information and the like.

Other embodiments provide alternate or additional align-
ment adjustment systems. For example, some embodiments
may include piezoelectric devices used to move the grind
spindle 308, although relatively high electrical voltage may
be needed with these embodiments.

FIG. 15 depicts a simplified block diagram of a grind
system 1510, according to some embodiments, that can be
used to grind and/or polish wafers or other relevant work
objects. The grind system 1510 includes a grind module
1512 and a controller or control system 1514. The grind
module 1512 can include the grind spindle 308, the work
spindle 306, one or more alignment adjustment systems or
spindle adjustment assemblies 311 and/or 703, one or more
sensors or probes 1516 and other components including
those described above.

The control system 1514 couples with the sensors and/or
probes 1516 to receive measured or sensor data, such as but
not limited to thickness, thickness variation, distance infor-
mation, occurrences of contact, orientation, angles, speed of
rotation, distance or amount of rotation of the motors 512,
and/or other such relevant information. For example, the
sensors 1516 can include sensors described in U.S. Provi-
sional Application No. 61/549,787. The control system 1514
further can couple with one or more motors 512 of the
spindle adjustment assemblies 311. Utilizing the sensor
information and/or other information (e.g., wafer surface
measurements and the like, desired surface results, etc.) the
control system 1514 can determine alignment adjustments to
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be made. Once adjustments are determined, the control
system 1514 can activate one or more of the spindle adjust-
ment assemblies 311 to implement the desired alignment
and/or provide adjustment information to a user. The sensors
1516 can continue to provide information as feedback to the
control system 1514 allowing the control system to continue
to implement adjustments to achieve the desired alignment.
Accordingly, the alignment can be achieved through one or
more fully or partially automated processes.

The control system 1514 can be incorporated as part of the
grind module 1512 or partially or fully separate from the
grind module. Further, the control system can be imple-
mented through one or more devices or systems that can be
implemented through hardware, software or a combination
of hardware and software. By way of example, the control
system 1514 may additionally comprise a controller or
processor module 1520, memory 1524, a transceiver 1526,
a user interface 1532, and one or more communication links,
paths, buses or the like 1540. A power source or supply (not
shown) is included or coupled with the control system 1514.

The controller 1520 can be implemented through one or
more processors, microprocessors, computers, controllers,
central processing unit, logic, local digital storage, firmware
and/or other control hardware and/or software, and may be
used to execute or assist in executing the steps of the
methods and techniques described herein, and control vari-
ous communications, programs, content, listings, services,
interfaces, etc. The memory 1524, which can be accessed by
the controller 1520, typically includes one or more processor
readable and/or computer readable media accessed by at
least the controller 1520, and can include volatile and/or
nonvolatile media, such as RAM, ROM, EEPROM, flash
memory and/or other memory technology. Further, the
memory 1524 is shown as internal to the control system
1514; however, the memory 1524 can be internal, external
or a combination of internal and external memory. The
external memory can be substantially any relevant memory
such as, but not limited to, one or more of flash memory
secure digital (SD) card, universal serial bus (USB) stick or
drive, other memory cards, hard drive, memory accessible
via a network, and other such memory or combinations of
such memory. The memory 1524 can store code, software,
executables, scripts, data, graphics, parameter information,
alignment information, wafer characteristics and/or shapes,
textual content, identifiers, log or history data, user infor-
mation and the like.

In some embodiments, the grind system 1510 and/or the
control system 1514 can include a user interface 1532. The
user interface can allow a user to interact with the grind
system 1510 and/or the control system 1514, provide infor-
mation to the grind system 1510 and/or receive information
through the grind system 1510. In some instances, the user
interface 1532 includes a display 1534 and/or one or more
user inputs 1536, such as keyboard, mouse, track ball, touch
pad, buttons, touch screen, a remote control, etc., which can
be part of or wired or wirelessly coupled with the grind
system 1510 or control system 1514.

Typically, the control system 1514 further includes one or
more communication interfaces, ports, transceivers 1526
and the like allowing the control system 1514 to commu-
nicate with the spindle adjustment assemblies 311, the
sensors and/or probes 1516, the grind spindle or grind
spindle motor(s), the work spindle or work spindle motor(s),
and/or other devices or sub-systems of the grind system
1510. Additionally, in some embodiments, the transceiver
1526 may provide communication over the communication
link 1540, a distributed network, a local network, the Inter-
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net, and/or other networks or communication channels to
communicate with other devices, systems or sources 1542,
and/or provide other such communications. Further the
transceiver 1526 can be configured for wired, wireless,
optical, fiber optical cable or other such communication
configurations or combinations of such communications.

The one or more sensors and/or probes 1516 are shown as
internal to the grinding engine 300; however, the one or
more sensors and/or probes 1516 can be internal, external or
a combination of internal and external sensors (e.g., separate
system that can, for example, provide radial thickness profile
information of a wafer). The one or more sensors 1516 and
sensor information provided from the one or more sensors
can be used to determine alignment of the grind spindle 308,
wafer or work spindle 306, wafer surface, chuck surface,
grind surface of the wheels 307 and/or other relevant align-
ment information, rotational speed, pressure, distance,
height, temperature, thickness, wafer profile, wafer charac-
teristics, or substantially any other relevant parameter that
can be sensed, or combinations of such sensors.

FIG. 16 shows a simplified flow diagram of a process
1610, according to some embodiments, of implementing
adjustments to alignment between the grind spindle 308 and
the work spindle 306 providing the desired alignment
between the grind wheel surface and the surface of the wafer
(or other work product being ground or polished) to achieve
the desired resulting shape of the wafer. In optional step
1612, the control system 1514 receives sensor and/or probe
information regarding at least the relative positioning of the
grind spindle 308 and the work spindle 306. Some embodi-
ments additionally or alternatively include optional step
1614, where the control system receives adjustment infor-
mation from another source 1542. For example, a wafer
evaluation system that evaluates the shape of a carrier wafer,
the wafer to be ground, a previously ground wafer, infor-
mation about the carrier wafer and/or alignment adjustment
information based on the shape of a carrier wafer, informa-
tion about an evaluation of a ground wafer in confirming
alignment, or other such information or combinations of
such information.

In step 1616, the alignment adjustments are determined to
achieve the desired alignment. The determination of the
alignment adjustments to implement can, in some embodi-
ments, include some or all of the information determined
and described in U.S. Provisional Application No. 61/549,
787. Other information can be used or determined based on
other factors. Further, the alignment adjustments to imple-
ment can be determined based on the sensor information or
other information, including information that might be pro-
vided by an external source 1542. Still further, step 1616 can
be implemented by the control system 1514 using the
relevant sensor information and/or other relevant informa-
tion. In some embodiments, the alignment adjustments and/
or part of the alignment adjustments to implement may be
provided by an external source 1542. In step 1620, one or
more of the spindle adjustment assemblies 311 are identified
to be activated, and an amount of adjustment is determined
for each identified alignment adjustment systems. For
example, an angle of adjustment can be calculated, and
based on the angle of adjustment the amount of rotation can
be determined (e.g., number of rotations and/or amount of
partial rotation) for each motor of the one or more identified
spindle adjustment assemblies.

In step 1622, the one or more spindle adjustment assem-
blies 311 are activated to implement the determined adjust-
ments and/or manual adjustments are applied. The process
1610 may be repeated one or more times depending on
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subsequent measurements, subsequent sensor information,
confirmation steps, and/or other such information. For
example, in some instances, a wafer may be ground and the
ground wafer evaluated to determine whether further adjust-
ments are to be implemented.

One or more of the embodiments, methods, processes,
approaches, and/or techniques described above or below
may be implemented, at least in part, through one or more
computer programs executable by one or more processor-
based systems. By way of example, such a processor based
system may comprise a processor based control system
1514, a computer, a dedicated processing systems, tablet,
etc. Such a computer program may be used for executing
various steps and/or features of the above or below
described methods, processes and/or techniques. That is, the
computer program may be adapted to cause or configure a
processor-based system to execute and achieve the functions
described above or below. For example, such computer
programs may be used for implementing any embodiment of
the above or below described steps, processes or techniques
for providing alignment, grinding and/or polishing. As
another example, such computer programs may be used for
implementing any type of tool or similar utility that uses any
one or more of the above or below described embodiments,
methods, processes, approaches, and/or techniques. In some
embodiments, program code modules, loops, subroutines,
etc., within the computer program may be used for executing
various steps and/or features of the above or below
described methods, processes and/or techniques. In some
embodiments, the computer program may be stored or
embodied on a non-transitory computer readable storage or
recording medium or media, such as any of the computer
readable storage or recording medium or media described
herein.

Accordingly, some embodiments provide a processor or
computer program product comprising a medium configured
to embody a computer program for input to a processor or
computer and a computer program embodied in the medium
configured to cause the processor or computer to perform or
execute steps comprising any one or more of the steps
involved in any one or more of the embodiments, methods,
processes, approaches, and/or techniques described herein.
For example, some embodiments provide one or more
computer-readable storage mediums storing one or more
computer programs for use with a computer simulation, the
one or more computer programs configured to cause a
computer and/or processor based system to execute steps
comprising: determining thickness variations in a wafer;
determine incremental adjustments to spindle alignment
(e.g. pitch and/or roll) based on best fit predictions of wafer
shape; and implementing the incremental adjustments to
spindle alignment of a grind module.

Other embodiments provide one or more computer-read-
able storage mediums storing one or more computer pro-
grams configured for use with a computer simulation, the
one or more computer programs configured to cause a
computer and/or processor based system to execute steps
comprising: determining alignment adjustments relative to a
grind spindle; and automatically implementing the adjust-
ments.

Some embodiments provide at least a partially or fully
automated process for implementing the alignment between
the grind spindle 308 and the work spindle 306 achieving the
desired alignment between the grind wheel surface and the
surface of the wafer. Further, some embodiments provide
motors cooperated with the spindle adjustment assemblies to
simplify the alignment, and in some instances enhance the
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precision of alignment. Additionally, some embodiments
provide a reduction in rotational ratio between the motor and
the spindle adjustment assemblies providing highly preci-
sion alignments. Still further, some embodiments utilize
feedback to achieve the desired alignment, such as through
sensors or probes.

Control of the alignment can be partially or fully auto-
mated. Accordingly, some embodiments are provided with
desired resulting wafer shapes, and the system can calculate
alignment positioning and activate the alignment adjustment
systems to provide the alignment between the work spindle
and the grid spindle to achieve the alignment that can
produce the resulting wafer with the desired shape. The
precision alignment can allow substantially any relevant
alignment and/or to compensate for variations, including
with carrier wafers. Further still, the partially or fully
automated alignment adjustments can allow for optimal
grinding of each distinct wafer. Similarly, the partially or
fully automated alignment adjustments can allow for opti-
mal grinding of each distinct wafer based upon correspond-
ing carrier wafer shape with high production fabrication
processes and/or facilities.

What is claimed is:

1. A method of grinding wafers, comprising:

determining thickness variations in a wafer;

determining incremental adjustments to spindle alignment

based on best fit predictions of wafer shape; and
implementing the incremental adjustments to spindle
alignment of a grind module;

wherein said determining of said incremental adjustments

to the spindle alignment is at least in part in response
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to a predictive adjustment, the predictive adjustment
causing said incremental adjustments;

wherein said predictive adjustment is determined in
response to said determining of said thickness varia-
tions in a wafer comprising pregrind wafer thickness
measurements of a carrier wafer, comparing the thick-
ness measurements to a target wafer thickness profile,
and detennining wafer shape based on wafer size, grind
wheel size and said spindle alignment.

2. The method of claim 1 wherein said determining of said
incremental adjustments to spindle alignment is at least in
part in response to a corrective adjustment, the corrective
adjustment further causing said incremental adjustments.

3. The method of claim 1 wherein:

said predictive adjustment is determined in response to
said determining of said thickness variations in a wafer
comprising pre-grind wafer thickness measurements of
a carrier wafer, comparing the thickness measurements
to a target wafer thickness profile, and determining
wafer shape based on wafer size, grind wheel size and
said spindle alignment; and

wherein said corrective adjustment is determined in
response to said determining of said thickness varia-
tions in a wafer comprising post-grind wafer thickness
measurements of a first ground wafer, comparing the
thickness measurements to the target wafer thickness
profile, and determining wafer shape based on wafer
size, grind wheel size and said spindle alignment.

#* #* #* #* #*
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